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SYSTEMS AND METHODS FOR ANALYZING 
VISCOELASTIC PROPERTIES OF 
COMBINATORIAL LIBRARIES OF 

MATERIALS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to systems and 
methods for analyzing the viscoelastic properties of combi 
natorial libraries of materials. More speci?cally, the present 
invention relates to systems and methods for analyzing the 
thermal properties of libraries of polymers and polymer 
?lms using an array of full bridge devices. The systems and 
methods of the present invention may also be used to 
analyZe such properties as vapor sorption, chemical 
resistance, Weatherability, and oXidative stability. 

Typically, the viscoelastic properties of materials, such as 
polymers and polymer ?lms, have been analyZed using 
devices such as acoustic Wave devices, micro-hotplates, 
micromechanical calorimetric sensors, and shear/stress sen 
sors. For eXample, acoustic Wave devices have been used to 
measure the glass transition temperature and melting tem 
perature of materials. Micro-hotplates have been used as 
micron-scale differential scanning calorimeters on a chip. 
Micromechanical calorimetric sensors have been used to 
detect thermal changes in test samples containing biomol 
ecules undergoing chemical and biochemical reactions. 
Other sensor devices have been arranged in a standard 
combinatorial array con?guration. 
US. Pat. No. 4,312,228 discloses an acoustic Wave sensor 

and methods for monitoring predetermined parameters of 
polymers including generating a surface acoustic Wave in a 
pieZoelectric material element and contacting a thin layer of 
the polymer With the surface through Which the acoustic 
Wave travels. The thin polymer layer is subjected to varia 
tions in environment thereby modifying the predetermined 
parameter of the polymer and changing the velocity of 
acoustic Waves in and/or a dielectric property of the 
polymer, thus altering the frequency, amplitude, and/or 
phase of the surface acoustic Wave. These alterations may be 
measured and related to glass transition temperature, the rate 
of solvent evaporation from the polymer, the photo 
crosslinking characteristics of the polymer, and the crystal 
line transition characteristics of the polymer. 
US. Pat. No. 6,079,873 discloses a differential scanning 

microcalorimeter produced on a silicon chip that enables 
microscopic scanning calorimetry measurements of small 
material samples and thin ?lms. The microcalorimeter 
includes a reference Zone and a sample Zone. An integrated 
polysilicon heater provides heat to each Zone and a thermo 
pile including a succession of thermocouple junctions gen 
erates a voltage representing the temperature difference 
betWeen the reference Zone and the sample Zone. Tempera 
ture differences betWeen the Zones provide information 
about the chemical reactions and phase transitions Which 
occur in a sample placed in the sample Zone. 
US. Pat. No. 5,451,371 discloses a non-scanning, con 

stant temperature microcalorimeter device. The device is 
built on a silicon base Which is etched, leaving a frame of 
silicon supporting tWo polysilicon platforms. A catalyst is 
disposed on one platform to sense the presence of hydro 
carbons. Platinum resistors on each platform serve as heaters 
and thermometers. 

US. Pat. No. 6,096,559 discloses a calorimeter sensor 
apparatus using microcantilevered spring elements for 
detecting thermodynamic changes Within a material sample 
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2 
containing biomolecules that undergo chemical and bio 
chemical reactions. The spring elements each include a 
bimaterial layer of chemicals disposed on a coated region of 
at least one surface of the microcantilever. The chemicals 
generate a differential thermal stress across the surface upon 
reaction of the chemicals With an analyte or biomolecules 
Within the sample due to the heat of the resulting reactions. 
The thermal stress experienced by the spring element creates 
a mechanical bending of the microcantilever. De?ections of 
the microcantilever may be detected by a variety of detec 
tion techniques. 
US. Pat. No. 5,719,324 discloses a pieZoelectric trans 

ducer that is fabricated With a cantilever having a spring 
element Which is treated With a chemical having an affinity 
for a speci?c vapor phase chemical. An oscillator means 
maintains a resonant vibrational frequency during the detec 
tion of the chemical, With changes in resonant vibrational 
frequency indicating amounts of the targeted chemical 
present in the monitored atmosphere. 
US. Pat. No. 5,445,008 discloses a mass microsensor that 

is also fabricated With a microcantilever having a material 
Which absorbs a targeted chemical from the monitored 
atmosphere. Oscillation is induced using a pieZoelectric 
transducer and the resonant frequency of the microcantilever 
is analyZed to detect amounts of the targeted chemical 
present in the monitored atmosphere. US. Pat. No. 5,475, 
318 discloses a microprobe including a microcantilever, a 
base, a probe tip projecting from the base, and a heating 
element that may be used to probe the material to be 
investigated. 
US. Pat. No. 4,963,815 discloses a device and a method 

for determining an analyte by measuring a redoX potential 
modulated photoinducing electrical signal from an electri 
cally conducting layer of a semiconductor device. 
US. Pat. No. 6,106,149 discloses a mass and heat ?oW 

measurement sensor including a microresonator, such as a 
quartZ crystal microbalance (QCM), a heat ?oW sensor, such 
as an isothermal heat conduction calorimeter, and a heat sink 
thermally coupled to the heat ?oW sensor. The microreso 
nator may be used to measure changes in mass of a material 
sample at its surface and the heat ?oW sensor, Which is 
thermally coupled to the microresonator, may be used to 
measure heat ?oW from the material sample to the heat sink. 

US. Pat. No. 6,157,009 discloses a reactive screening 
tool, such as a calorimeter apparatus, having a loW test 
cell-to-test sample thermal mass ratio so as to minimiZe heat 
sink effects on the test sample during chemical reaction. A 
heater control algorithm includes a calibration stage during 
Which the heater is set to the predetermined test conditions 
and a test stage during Which the heater controls the test 
conditions in a ramping mode and in an adiabatic mode. The 
reactive screening tool may also include a foam detector for 
detecting the presence of foam in the test sample. 
US. Pat. No. 5,563,341 discloses a vapor pressure sensor 

including a substrate having a body With ?rst and second 
parallel planar surfaces. A hole is formed in the body and 
eXtends through and betWeen the ?rst and second surfaces. 
Abeam disposed Within the hole in the body is formed as a 
cantilever. Avapor absorbing polyimide coating of substan 
tially uniform thickness is disposed on the surface of the 
beam in full shear restraint. A strain measuring device forms 
a portion of a bridge carried by the substrate and measures 
shear forces eXerted on the beam by the vapor absorbing 
coating. 
US. Pat. No. 4,969,359 discloses a silicon accelerometer 

responsive to three (3) orthogonal force components. Three 
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rectangular beams or cantilevers are formed, each having 
vertical sidewalls lying in crystalline planes orthogonal to 
one another. 

US. Pat. No. 6,126,311 discloses a deW point sensor 
using micro-electromechanical systems (MEMS) including 
a microcantilevered beam formed on a substrate. A cooling 
device and a temperature sensor are in thermal communi 
cation With the microcantilevered beam and a control circuit 
operable for controlling and monitoring its resonance. The 
deW point is determined by identifying the temperature of 
the microcantilevered beam When its resonance or vibratory 
mode changes due to a change in mass caused by the 
formation of deW on the microcantilevered beam. 

US. Pat. No. 6,016,686 discloses a micromechanical 
microcantilever potentiometric sensor used for detecting and 
measuring predetermined physical and chemical parameters 
in a material sample. A spring element includes a region 
coated With at least one chemical coating that accumulates 
a surface charge in response to hydrogen ions, redox 
potential, or ion concentrations in the material sample being 
monitored. Differing surface charges on opposing surfaces 
create a mechanical stress and a deformation of the spring 
element. A multitude of detection methods may be used to 
measure the de?ection of the spring element and the degree 
of de?ection may be correlated With the physical or chemi 
cal parameter of interest. 
US. Pat. No. 6,269,685 discloses a method for the 

measurement of the viscosity of a ?uid that uses a micro 
machined cantilever mounted on a moveable base. As the 
base is rastered While in contact With the ?uid, the de?ection 
of the cantilever is measured and the viscosity of the ?uid is 
determined by comparison With standards. US. Pat. No. 
5,130,257 discloses a viscosity sensor fabricated using a 
surface transverse Wave device. Similarly, U.S. Pat. No. 
5,494,639 discloses a disposable biosensor that uses a 
vibrating member disposed beneath a cell operable for 
measuring blood coagulation time as a function of viscosity. 
US. Pat. No. 6,167,748 discloses a multi-element sensor 

array With common-mode cancellation and a multi-element 
apparatus for detecting the presence of at least one chemical, 
biological, or physical component in a monitored area. The 
array includes a capacitive transducer having at least one 
cantilever spring element coated With a chemical having an 
af?nity for the component to be detected, a pick-up plate, 
and detection means for measuring the variation in capaci 
tance betWeen the cantilever spring element and the pick-up 
plate, forming a measurement channel signal. 
US. Pat. No. 6,289,717 discloses a micromechanical 

antibody sensor using a microcantilevered spring element 
having a detector molecule coating, such as an antibody or 
antigen coating. A material sample containing a target mol 
ecule or substrate is introduced to the coating. The spring 
element measurably bends in response to the stress induced 
by the binding that occurs betWeen the detector molecules 
and the target molecules. 

Such systems and methods, although marginally useful, 
suffer from several important limitations When used to 
analyZe the viscoelastic properties of combinatorial libraries 
of materials, such as libraries of polymers and polymer 
?lms. The operation of an array of sensors in the screening 
of combinatorial libraries of materials is typically unaccept 
ably sloW. Measurements are typically performed in a serial 
fashion and the screening of as feW as 100 combinatorial 
materials may take in excess of 90 minutes. The electronics 
used to operate such arrays of sensors are also complex and 
expensive. For example, a lock-in ampli?er is typically 
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4 
required. Finally, the use of shear/stress sensors as true 
microcalorimeters in the analysis of the thermal properties 
of combinatorial libraries of materials is limited because 
such sensors typically do not have individual heaters asso 
ciated With them. Thus, the use of such sensors in the 
thermal analysis of combinatorial libraries materials 
requires the use of separate heaters and temperature sensors, 
and a complete modi?cation of the sensor elements. Thus, 
What is needed are systems and methods that provide 
improved capabilities for the analysis of the thermal prop 
erties of combinatorial libraries of materials, such as librar 
ies of polymers and polymer ?lms. What is needed are 
systems and methods that alloW for the simultaneous and 
continuous measurement, With high sensitivity and 
accuracy, of the viscoelastic changes in a plurality of loW 
volume material samples, such as those generated in com 
binatorial chemistry experiments. Furthermore, due to the 
large number of samples involved in a typical combinatorial 
chemistry experiment, automated computational methods 
for the detection of outliers and the determination of vis 
coelastic properties are needed. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides systems and methods 
having improved capabilities for the analysis of the vis 
coelastic properties of combinatorial libraries of materials, 
such as libraries of polymers and polymer ?lms. These 
systems and methods include the use of an array of minia 
turiZed shear/stress devices, or full bridge devices, that 
operate in parallel, providing simultaneous and continuous 
responses. The sensor data may be read electronically and is 
used an input for multivariate statistical algorithms provid 
ing data extraction and compression for automated outlier 
detection and improved analysis. 

In one embodiment, a system for analyZing a viscoelastic 
property of combinatorial materials includes a plurality of 
full bridge devices operable for measuring an environment 
modulated elongation property of the combinatorial 
materials, Wherein each of the plurality of full bridge devices 
comprises a plurality of strain gauges operable for measur 
ing an environment-modulated elongation property of the 
combinatorial materials, and Wherein each combinatorial 
material is disposed on a surface of the plurality of full 
bridge devices. The system also includes a mathematical 
algorithm disposed Within a computer, the mathematical 
algorithm operable for equating the environment-modulated 
elongation property of the combinatorial materials With a 
viscoelastic property of the combinatorial materials. 

In another embodiment, a method for analyZing a vis 
coelastic property of combinatorial materials includes pro 
viding a plurality of full bridge devices operable for mea 
suring an environment-modulated elongation property of the 
combinatorial materials, Wherein each of the plurality of full 
bridge devices comprises a plurality of strain gauges oper 
able for measuring the environment-modulated elongation 
property of the combinatorial materials, disposing the com 
binatorial materials on a surface of the plurality of full 
bridge devices, and measuring the environment-modulated 
elongation property of each combinatorial material. The 
method also includes providing a mathematical algorithm 
operable for equating the environment-modulated elonga 
tion property of the combinatorial materials With a vis 
coelastic property of the combinatorial materials and equat 
ing the environment-modulated elongation property of the 
combinatorial materials With a viscoelastic property of the 
combinatorial materials. 

Advantageously, the present invention provides systems 
and methods that use a plurality of strain gauges and the 



US 6,671,631 B2 
5 

temperature-modulated elongation properties of a polymer 
or polymer ?lm to characterize the thermal properties of the 
polymer or polymer ?lm. These systems and methods are 
capable of measuring the thermal properties of any combi 
natorial material that may be deposited onto a substrate and 
that experiences stress When a member held in full shear 
restraint is subjected to varying thermal or other conditions. 
These systems and methods alloW for the mass-independent 
characteriZation of polymers and polymer ?lms using a 
miniaturiZed, inexpensive, mass-produced device. Finally, 
the systems and methods of the present invention alloW for 
the simultaneous and continuous measurement of signals 
produced by a plurality of individual devices, alloWing for 
the simultaneous and continuous analysis of data using 
multivariate statistical data analysis techniques and visual 
iZation algorithms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of one embodiment of a full 
bridge device operable for analyZing the viscoelastic prop 
erties of combinatorial libraries of materials, such as librar 
ies of polymers and polymer ?lms; 

FIG. 2 is a graph illustrating the simultaneous and con 
tinuous analysis of the glass transition temperature of poly 
mers deposited onto an array of four (4) full bridge devices 
of the present invention; 

FIG. 3 is an example of one embodiment of a display of 
the data acquisition system of the present invention, illus 
trating the simultaneous and continuous response of the 
individual full bridge devices of the present invention to a 
change in the elongation properties of polystyrene ?lms 
upon heating and cooling; 

FIG. 4 is a graph illustrating the results of signal analysis 
for the accurate, precise determination of the glass transition 
temperatures of polymers deposited onto the full bridge 
devices of the present invention; 

FIG. 5 is a graph illustrating the traces of a given full 
bridge device of the present invention upon multiple heating 
cycles of a poly(methyl methacrylate) (PMMA) ?lm; 

FIG. 6 is a plot illustrating that the response of the full 
bridge devices of the present invention is independent of the 
mass of the deposited combinatorial library of materials; 

FIG. 7 is a graph illustrating the calibration results for the 
determination of the glass transition temperature of different 
polymers using the full bridge devices of the present inven 
tion; 

FIG. 8 is a plot illustrating the results of a Principal 
Components Analysis (PCA) scores plot for tWo polymer 
?lms evaluated in the four-channel array of full bridge 
devices of the present invention; and 

FIG. 9 is a plot illustrating the reproducibility of the 
analysis of different polymer test samples using the systems 
and methods of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, in one embodiment, a full bridge 
device 10 operable for analyZing the viscoelastic properties, 
such as thermal properties, of combinatorial libraries of 
materials is operable for measuring the environment 
modulated elongation properties, such as temperature 
modulated elongation properties, of a polymer or polymer 
?lm deposited onto a surface of the full bridge device 10 and 
relating these measurements to the viscoelastic properties, 
such as thermal properties, of the polymer or polymer ?lm. 
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6 
This temperature-modulated elongation may also be referred 
to as thermal expansion or thermal dilatometry. The 
temperature-modulated elongation properties are measured 
by a plurality of strain gauges 12 for the purpose of 
measuring such thermal and viscoelastic properties as glass 
transition temperature, vapor sorption, chemical resistance, 
Weatherability, and oxidative stability. The strain gauges 12 
each include a small diameter Wire or etched metal foil 
?xedly attached to a substrate or baking material. As strain 
in the Wire or metal foil increases, the electrical resistance of 
the Wire or metal foil increases. This change in electrical 
resistance may be observed and measured. In the embodi 
ment shoWn, the full bridge device 10 includes four (4) 
strain gauges 12, each strain gauge 12 forming an arm of the 
bridge. The ?rst arm of the bridge 14 is connected to a 
negative voltage (—Vexc) terminal 16 at one end and a 
positive signal (+Signal) terminal 18 at the other end. The 
second arm of the bridge 20 is connected to the +Signal 
terminal 18 at one end and a positive voltage (+Vexc) 
terminal 22 at the other end. The third arm of the bridge 24 
is connected to the +VexC terminal 22 at one end and a 
negative signal (—Signal) terminal 26 at the other end. The 
fourth arm of the bridge 28 is connected to the —Signal 
terminal 26 at one end and another negative voltage (—Vexc) 
terminal 30 at the other end. This full bridge con?guration, 
as is Well knoWn to those of ordinary skill in the art, may 
achieve enhanced temperature compensation as a portion of 
the temperature effects are cancelled out by the bridge itself. 
As is also Well knoWn to those of ordinary skill in the art, 
such devices provide mass-independent measurements. 

In general, the full bridge device 10 of the present 
invention, i.e. the viscoelastic property sensor, is arranged, 
for example, as a micro-electromechanical system (MEMS) 
having control circuitry, Which is preferably integrated, for 
operating the MEMS. The viscoelastic property sensor 
includes a temperature sensor in thermal communication 
With the MEMS, thereby enabling a more accurate measure 
ment of the temperature at Which a change in the viscoelastic 
properties takes place. The change in the viscoelastic prop 
erties is detected as the change in the strain state of the 
MEMS device. 
The combinatorial library of materials may be exposed to 

environmental conditions and variations such as electromag 
netic radiation in the spectral range of, for example, about 50 
Angstroms—500 millimeters, about 150 nanometers—2500 
nanometers, and about 250 nanometers—1000 nanometers. 
The electromagnetic radiation poWer density at the surface 
may be from, for example, about 1 nanoWatt per square 
centimeter—100 GigoWatts per square centimeter, about 100 
nanoWatts per square centimeter—100 MegaWatts per square 
centimeter, and about 100 microWatts per square centime 
ter—10 MegaWatts per square centimeter. The temperature 
may be from, for example, about 24 K—2273 K, about 203 
K—1273 K, and about 223 K—873 K. The vapor partial 
pressure may be from, for example, about 0.0001 Atmo 
sphere—100 Atmosphere, about 0.001 Atmosphere—10 
Atmosphere, and about 0.01 Atmosphere—5 Atmosphere. 
The ?uid concentration may be from, for example, about 1 
part per billion—100 percent, about 1 part per million—100 
percent, and about 1 part per thousand—100 percent. Finally, 
the combinatorial material amount may be from, for 
example, about 1 femtogram—100 microgram, about 1 pico 
gram—10 microgram, and about 1 nanogram—1 microgram. 
The response of a plurality of full bridge devices 10 is 

preferably analyZed using multivariate statistical data analy 
sis techniques. Each full bridge device 10 is a ?rst-order 
instrument that generates a matrix of data per test sample 
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(including elapsed analysis time related to changing tem 
perature and device output). Such a ?rst-order instrument 
may be modulated by another parameter, such as the heating/ 
cooling rate during multiple cycles, the addition of extra 
combinatorial material to the full bridge device 10 after a 
given number of cycles, and the like. While the complexity 
of the data analysis increases With increasing data 
dimensionality, the accuracy, precision, and merit of the 
measurement of the thermal properties of a combinatorial 
material also increases. 

The response of the plurality of full bridge devices 10 may 
be analyZed using, for example, a visualiZation algorithm. A 
visualiZation algorithm is an approach to data analysis that 
stresses a penetrating look at the data. Graphing and ?tting 
comprise the tWo components of visualiZing the structure of 
a data set. Visualization algorithms are mathematical tech 
niques that perform the graphing or ?tting of data. For 
multivariate data sets, techniques that compress and extract 
data are particularly useful. For example, PCA ?nds linear 
combinations of the original variables to construct a neW, 
loWer dimensional coordinate system for the graphing and 
plotting of data. Non-linear mapping (NLM) provides 
another visualiZation tool for graphing multidimensional 
data sets. NLM is based upon a point mapping of the original 
data to a loWer dimensional space such that the inherent 
structure of the data is approximately preserved under the 
mapping. Other techniques in the literature for multivariate 
visualiZation of data include multidimensional scaling, cor 
respondence factor analysis, and Kohonen’s self-organiZing 
map neural netWork. Among these choices, PCA is preferred 
in this application because of its signal-averaging bene?ts 
and its ability to uncover anomalous patterns in the data 
structure (e.g., an outlier). HoWever, the other approaches, 
described above, could be used by those of ordinary skill in 
the art. 
Working Example 
An array of full bridge devices 10 Was constructed for the 

analysis of the thermal properties of polymers and polymer 
?lms. Data acquisition Was performed using a suitable 
program Written in LabVIEW (National Instruments, Austin, 
Tex.). Various polymers Were dissolved in chloroform at 
different concentrations ranging from about 0.5 Wt % to 
about 10 Wt %. Small amounts of the polymer solutions Were 
deposited onto the full bridge devices 10 and the solvent Was 
alloWed to evaporate in air at about room temperature. 
Amounts of the deposited solutions ranged from about 0.5 
microliters to about 10 microliters. The array of full bridge 
devices 10, With the deposited polymer ?lms, Was disposed 
Within a temperature-controlled chamber. A suitable 
temperature-controlled chamber may include, for example, a 
gas chromatographic oven. The temperature of the chamber 
Was ramped With a ramp rate of about 5 degrees C. to about 
20 degrees C. per minute. Measurements Were simulta 
neously and continuously performed using all channels of 
the array of full bridge devices 10. 

The graph 30 of FIG. 2 illustrates the simultaneous and 
continuous analysis of the glass transition temperature of 
polymers (polystyrene) deposited onto an array of four (4) 
full bridge devices 10 (FIG. 1) (MEMSO, MEMSl, MEMS2, 
and MEMS3). FIG. 3 is an exemplary display 40 of the data 
acquisition system, illustrating the simultaneous and con 
tinuous response of individual full bridge devices 10 (FIG. 
1) in the array to a change in the elongation properties of 
polystyrene ?lms upon the heating and cooling of the array 
of full bridge devices 10. The graph 50 of FIG. 4 illustrates 
the results of signal analysis for the accurate, precise deter 
mination of the glass transition temperatures of polymers 

15 

25 

35 

45 

55 

65 

8 
deposited onto each full bridge device 10 (FIG. 1) of the 
array. The inset graph 52 is an expanded vieW of the peak at 
about 100 degrees C. The polymer in all channels of the 
array of full bridge devices 10 Was polystyrene. The repro 
ducibility of device performance Was evaluated by running 
multiple analyses. The graph 60 of FIG. 5 illustrates the 
traces of a given full bridge device 10 (FIG. 1) upon multiple 
heating cycles of a poly(methyl methacrylate) (PMMA) 
?lm. The dependence of the device response in the deter 
mination of glass transition temperature Was evaluated using 
solutions of different polymers dissolved in chloroform at 
different concentrations. The plot 70 of FIG. 6 illustrates that 
the response of the full bridge devices 10 (FIG. 1) is 
independent of the mass of the deposited combinatorial 
material. The graph 80 of FIG. 7 illustrates the calibration 
results for the determination of the glass transition tempera 
ture of different polymers, including poly(1,4 
cyclohexylenedimethylene-1,4-cyclohexanedicarboxylate) 
(PCCD) 82, polystyrene (PS) 84, PMMA 86, and polycar 
bonate (PC) 88. 

Multivariate statistical data analysis Was performed to 
extract information about the thermal properties of the 
polymers from the array of full bridge devices 10 (FIG. 1). 
Heating/cooling cycles Were performed from about 30 
degrees C. to about 180 degrees C. to include the possible 
glass transition temperatures of the polymers. Multivariate 
statistical data analysis permitted the determination of the 
glass transition temperatures simultaneously and continu 
ously from all channels of the array With an improved 
capability to identify abnormalities in sensor response. In 
addition, the application of Principal Components Analysis 
(PCA) and appropriate data pre-processing, alloWed for the 
elimination of a plurality of variation sources affecting these 
determinations. Analysis of the data Was performed using 
PCA tools available in PLSiToolbox (Eigenvector 
Research, Inc., Manson, Wash.) operated With Matlab soft 
Ware (MathWorks Inc., Natick, Mass.). The plot 90 of FIG. 
8 illustrates the results of a PCA scores plot for tWo polymer 
?lms evaluated in the four-channel array of full bridge 
devices 10 (FIG. 1). The ?rst principal component accounts 
for differences in the glass transition temperatures of the tWo 
polymer ?lms among the eight different response pro?les. 
The second principal component describes differences in the 
overall intensity of the sensor response and any signi?cant 
changes in the sensor response pro?le. Anomolous or outlier 
sensor response (caused by instrument malfunction or the 
like) are visualiZed in a PCA plot as a point that lies distant 
from other clusters on the plot. With appropriate pre 
processing of the sensor response curves (e.g., min/max 
scaling), unWanted sources of variation that shoW up in the 
second PC may be removed. The plot 100 of FIG. 9 
illustrates the reproducibility of the analysis of different 
polymer test samples after pre-processing of the data fol 
loWed by PCA. 

It is apparent that there has been provided, in accordance 
With the present invention, systems and methods for ana 
lyZing the thermal properties of combinatorial materials. 
While the present invention has been particularly shoWn and 
described in conjunction With examples and preferred 
embodiments thereof, it Will be appreciated that variations in 
and modi?cations to the present invention may be effected 
by persons of ordinary skill in the art Without departing from 
the spirit or scope of the invention. It is to be understood that 
the principles described herein apply in a similar manner, 
Where applicable, to all such examples and embodiments. 
What is claimed is: 
1. A system operable for analyZing a viscoelastic property 

of a combinatorial library of materials, the system compris 
mg: 
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a plurality of full bridge devices operable for measuring 
an environment-modulated elongation property of each 
of a plurality of combinatorial materials, Wherein each 
of the plurality of combinatorial materials is disposed 
on a surface of the plurality of full bridge devices; and 

a mathematical algorithm operable for equating the 
environment-modulated elongation property of the 
combinatorial materials With a viscoelastic property of 
the combinatorial materials, Wherein the mathematical 
algorithm comprises at least one of a multivariate 
statistical data analysis technique and a visualiZation 
algorithm. 

2. The system of claim 1, Wherein each of the plurality of 
full bridge devices comprises a plurality of strain gauges 
operable for measuring the environment-modulated elonga 
tion property of the combinatorial materials. 

3. The system of claim 1, Wherein the mathematical 
algorithm further comprises a Principal Components Analy 
sis (PCA) technique. 

4. The system of claim 1, Wherein the mathematical 
algorithm is disposed Within a computer. 

5. The system of claim 1, further comprising a heating/ 
cooling device operable for heating/cooling the plurality of 
full bridge devices simultaneously. 

6. The system of claim 1, Wherein each of the plurality of 
combinatorial materials comprises a combinatorial material 
selected from the group consisting of a polymer and a 
polymer ?lm. 

7. The system of claim 1, Wherein the system is operable 
for analyZing the viscoelastic property of each member of a 
combinatorial library of materials simultaneously. 

8. The system of claim 1, Wherein the viscoelastic prop 
erty analyZed comprises a viscoelastic property selected 
from the group consisting of glass transition temperature, 
vapor sorption, chemical resistance, Weatherability, and oXi 
dative stability. 

9. Asystem operable for analyZing a thermal property of 
a combinatorial library of materials, the system comprising: 

a plurality of full bridge devices operable for measuring 
a temperature-modulated elongation property of each 
of a plurality of combinatorial materials, Wherein each 
of the plurality of full bridge devices comprises a 
plurality of strain gauges operable for measuring the 
temperature-modulated elongation property of each of 
the plurality of combinatorial materials and Wherein 
each of the plurality of combinatorial materials is 
disposed on a surface of the plurality of full bridge 
devices; 

a computer; and 
a mathematical algorithm disposed Within the computer, 

the mathematical algorithm operable for equating the 
temperature-modulated elongation property of the 
combinatorial materials With a thermal property of the 
combinatorial materials Wherein the mathematical 
algorithm comprises at least one of a multivariate 
statistical data analysis technique and a visualiZation 
algorithm. 

10. The system of claim 9, Wherein the mathematical 
algorithm further comprises a Principal Components Analy 
sis (PCA) technique. 

11. The system of claim 9, further comprising a heating/ 
cooling device operable for heating/cooling the plurality of 
full bridge devices simultaneously. 

12. The system of claim 9, Wherein each of the plurality 
of combinatorial materials comprises a combinatorial mate 
rial selected from the group consisting of a polymer and a 
polymer ?lm. 
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13. The system of claim 9, Wherein the system is operable 

for analyZing the thermal property of each member of a 
combinatorial library of materials simultaneously. 

14. A method for analyZing a viscoelastic property of a 
combinatorial library of materials, the method comprising: 

providing a plurality of full bridge devices operable for 
measuring an environment-modulated elongation prop 
erty of each of a plurality of combinatorial materials; 

disposing the combinatorial materials on a surface of the 
plurality of full bridge devices; 

measuring the environment-modulated elongation prop 
erty of the combinatorial materials; 

providing a mathematical algorithm operable for equating 
the environment-modulated elongation property of the 
combinatorial materials With a viscoelastic property of 
the combinatorial materials, Wherein providing the 
mathematical algorithm comprises providing at least 
one of a multivariate statistical data analysis technique 
and a visualiZation algorithm; and 

equating the environment-modulated elongation property 
of the combinatorial materials With the visco elastic 
property of the combinatorial materials. 

15. The method of claim 14, Wherein providing the 
plurality of full bridge devices comprises providing a plu 
rality of strain gauges operable for measuring the 
environment-modulated elongation property of the combi 
natorial materials. 

16. The method of claim 14, Wherein providing the 
mathematical algorithm further comprises providing a Prin 
cipal Components Analysis (PCA) technique. 

17. The method of claim 14, further comprising providing 
a heating/cooling device operable for heating/cooling the 
plurality of full bridge devices simultaneously. 

18. The method of claim 17, further comprising heating/ 
cooling the plurality of full bridge devices simultaneously. 

19. The method of claim 14, Wherein each of the plurality 
of combinatorial materials comprises a combinatorial mate 
rial selected from the group consisting of a polymer and a 
polymer ?lm. 

20. The method of claim 14, Wherein the viscoelastic 
property analyZed comprises a viscoelastic property selected 
from the group consisting of glass transition temperature, 
vapor sorption, chemical resistance, Weatherability, and oXi 
dative stability. 

21. A method for analyZing a thermal property of a 
combinatorial library of materials, the method comprising: 

providing a plurality of full bridge devices operable for 
measuring a temperature-modulated elongation prop 
erty of each of a plurality of combinatorial materials, 
Wherein each of the plurality of full bridge devices 
comprises a plurality of strain gauges operable for 
measuring the temperature-modulated elongation prop 
erty of each of the plurality of combinatorial materials; 

disposing the combinatorial materials on a surface of the 
plurality of full bridge devices; 

measuring the temperature-modulated elongation prop 
erty of the combinatorial materials; 

providing a mathematical algorithm operable for equating 
the temperature-modulated elongation property of the 
combinatorial materials With a thermal property of the 
combinatorial materials, Wherein providing the math 
ematical algorithm comprises providing at least one of 
a multivariate statistical data analysis technique and a 
visualiZation algorithm; and 
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equating the temperature-modulated elongation property 
of the combinatorial materials With the thermal prop 
erty of the combinatorial materials. 

22. The method of claim 21, Wherein providing the 
mathematical algorithm further comprises providing a Prin 
cipal Components Analysis (PCA) technique. 

23. The method of claim 21, further comprising providing 
a heating/cooling device operable for heating/cooling the 
plurality of full bridge devices simultaneously. 

12 
24. The method of claim 23, further comprising heating/ 

cooling the plurality of full bridge devices simultaneously. 
25. The method of claim 21, Wherein each of the plurality 

of combinatorial materials is comprises a combinatorial 

material selected from the group consisting of a polymer and 
a polymer ?lm. 


